Typical queueing problems of general arrival and general service systems are solved by an approximation method. That is, approximate formulae are given for the mean customer number in the G/G/l (00) system, the mean customer number in the, the G/G/l (m) system and the mean queue length in the G/G/s(oo) system. The routine of the proposed method is as follows. The sequences of arrival and departure of customers are approximately replaced by normal stochastic processes. That is, the sequences are characterized by mean and variance only. Next, the diffusion equation is constructed as to the probability distribution of the customer number in the system. Using the solution ()f the equation, the aimed statistical value for the queue is calculated. Finally, the calculated value may be revised to agree with the exact solution on the area where it is known.
. Introducti on
In the analysis of queueing problems the tendency is to get exact solutions for simple models only. But it is questionable from the viewpoint of practical application. On the other hand, several approximation methods have been proposed ( for example, [1] , [3] ). Recently, in the case of long waiting lines, as for example rush hour analysis, an approximation method applying continuous models has been developed [5) . In this paper, a more general method for queueing problems which have not-necessarily long waiting lines is proposed. 
Mean Number of Customers in the GIGIl (co) system
For the G/G/l(co) system, let the mean of arrival numbers per unit time or the arrival rate be A and its variance be ni' the mean of departure numbers per unit time under the condition that the system is not empty or the service rate be ~ and its variance be no' That is, considering A(t) as the cumulative arrival in time t, which is considered as large, we assume that
Var{A(t)}"'n. t 1.- Similarly, for the departure process, under the same condition as that of arrival process, we assume that
where B(t) is the cumulative departure in time t. Fig. 1 The G/G/1(co) System
We consider here the arrival and departure number as continuous quantities, and assume that the customer number in the system varies as stationary normal stochastic process ( see [5] ). So, for the probability density function f(x) of the customer number x in the system, the following diffusion equation exists The first approximation of the mean customer number L in the system becomes (2.5)
which is effective for the case of p "1, Le., a long waiting line, because the continuous state model is used instead of the integer state model and the relative error of L1 is supposed to be of the order of ! L On the other hand, the exact value L has the characterisitics that (2.6)
Hence, let us add supplementary terms of the order 1 to (2.5) and propose the second approximate formula, which is effective for 0 ~ p< 1, such as
so that formula (2.7) has the property of (2.6). Expanding formula (2.5) in terms of p, we get for p « 1
Therefore formula (2.7) becomes (2.8)
When 9, = 1, thls result coincides with the exact formula, i.e., the PollaczekKhintchine's formula [4] (2.9)
In the following Tables, the approximate values for two other systems, which are calculated from (2.8), are also compared with the corresponding values obtained in Page's book [6] . In the book the mean waiting time in units of mean service time is tabulated. So, we calculated the mean number in the system from it. 
Mean Number of Customers in the G/G/l(m) System
In this case the customer number L in the system is limited to m or the length of queue cannot be longer than m-l.
We take here the boundary condition
Although the customer number is limited upto m, but for the continuous approximation we take the boundary va.lue to be in which is a real number near to the integer m, so that we get a better approximate solution.
In this case, the diffusion equation is the same as (2.1), so we get the first approximate formula 
+1.
-am a
1-e where m = m. The error of L1 is supposed to be of. the order 1.
On the other hand, the exact value L has the characteristics that To examine the degree of approximation, we compare the value from the equation (3.7) with the exact value for the case M/M/1(m) [4] . In this case, for .I' . = 1 and k = 1, we get m+m=l,
The comparison is shown in Fig. 3 .
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Mean Queue Length in the G/G/s(oo) System
Let us consider the queueing system with s parallel servers and no restriction for the waiting line. When s ~ 2, the characteristics of the exact value, as that of (2.6), do not give enough information for the construction of the approximate formula. So, we propose a different method. We compare the approximate value from equation (4.6) with its exact value for the case of M/M/s(oo) [4] . For this case R, = k = I, we get 38
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and (4.8)
Their comparison is shown in Table 3 . The approximate values of queue length obtained by using equation ( and E2/E2/l(oo) in the following Table. Copyright © by ORSJ. Unauthorized reproduction of this article is prohibited. 
